Summary.-Patients with melanoma who had one or more close relatives with melanoma were studied for their natural-killer-cell (NK) activity against cultured melanoma cells and Chang cells. A high proportion of the patients and their relatives were found to have low NK activity against these target cells. In most of the patients this could not be attributed to general depression of their immune function, since Band T-cell numbers and the mitogenic response to PHA were within normal limits. The levels of NK activity of the patients and their relatives were found to be significantly correlated, suggesting that the NK activity in these families may have been genetically (or environmentally) determined. Several genetic markers were examined in the patients and their relatives for association with the disease state and NK activity. No association with HLA antigens or ABO blood groups was detected, but there was a low incidence of the Rhesus negative phenotype in the patients (the Rh phenotype had previously been associated with high NK activity).
that certain families have a higher incidence of melanoma than that expected in the general population, and that this appears to be attributable to hereditary factors (Cawley, 1952;  Anderson, 1971; Wallace & Exton, 1972) . Patients in these families tend to develop melanoma at an earlier age, have a higher frequency of multiple melanomas and a greater incidence of other malignancies. The nature of the factors predisposing members in these families to develop melanoma and their inheritance is unknown. In most studies the inheritance appeared to be polygenic, but in some families autosomal dominant inheritance was evident (Anderson, 1971; Wallace & Exton, 1972) .
One of the factors considered to be important in control of tumour development is surveillance by the immune system. In particular, recent studies have suggested that cells with natural killer activity against tumour cells may constitute an important surveillance mechanism against tumours (Kiessling & Haller, 1978; Hersey, 1979; Baldwin, 1977) . This suggestion was supported by recent findings that melanoma patients with low natural-killer (NK) cell activity may have a shorter period to recurrence of melanoma than those with normal or high NK activity (Hersey et al., 1978) .
In the present study the NK activity of patients with familial melanoma and their relatives was examined to determine whether this immune function may be involved in the familial occurrence of melanoma. The results suggest that a high proportion of patients with familial melan-oma and their relatives had low NK activity which did not appear to be associated with abnormalities in other aspects of immune function.
MATERIALS AND METHODS
Patients with familial melanoma and their relatives.-Thirteen families in which more than 1 patient with melanoma had been documented by histopathological criteria were included in the study (18 patients and 53 relatives). The known member of each family are listed in Appendix I, but not all were available for study. Patients with a history of melanoma are indicated by an asterisk. All were clinically free of melanoma and, with the exception of Whit, had been so for longer than 1 year. All were untreated. Their ages ranged from 18 to 65 (mean 42.5) years. Most of the patients and their relatives were from country areas and repeat tests on many of these subjects were not possible.
Patients with non-familial melanoma and their relatives.-For comparative purposes, patients who had previously had melanoma but who were clinically free of melanoma were taken as index subjects for study of their available relatives. Patients were selected on the basis of previous studies to provide a range of NK activity, so that any genetic influence of NK activity could be detected more readily in their relatives. Studies on family groups were carried out on the same day when possible, to minimize the effects of day-to-day variation in the assays. The ages of the patients ranged from 25 to 72 (mean 45-5) years.
Normal subjects and their relatives.-Normal blood donors or hospital personnel with high or low NK values were taken as index subjects. All available relatives and the index subjects were tested if possible on the same day. Ages ranged from 21 to 53 (mean 31-1) years.
Assays of NK activity.-The cytotoxic activity of blood mononuclear cells against the target cells was determined by 5lCr-release assays, as described in previous reports (Hersey et al., 1978 Percent 51Cr release was calculated as previously described. All results were expressed in terms of percent 51Cr release above baseline release from the target cells alone. To assess the day-to-day variation in the assays, a standard NK donor was used in each assay from cells stored in liquid N2 from the one donor. All assays were carried out by the one operator (A.E.) which we consider to be an important factor in reduction of day-to-day variability in the assays.
E rosettes.-These were carried out by the method of Kaplan & Clark (1974) , using aminoethylisothiouronium bromide (AET) treated sheep red blood cells (SRCB). 200 ,ul of 1% AET-SRBC and 200 ,lI of a suspension of blood mononuclear cells of 2 x 106 ml were mixed and incubated at 37°C for 15 min. They were centrifuged at 300 g for 5 min and incubated at 4°C for 1 h.
Mitogenic response to PHA.-105 mononuclear cells in 200 ,u of RPMJ+10% FBS were cultured for 3 days in 0, 5 or 20 /g of PHA-P (Difco). Cell division was assessed at this time by the addition of 2 ,uCi of 1251-iododeoxyuridine (125IUDR) for 4 h and then harvested by washing the cells twice in saline and twice in 5% trichloracetic acid. B lymphocytes.-Cells with surface immunoglobulin were detected by use of fluoresceinlabelled polyvalent sheep anti-human immunoglobulin (Wellcome reagents). 5 x 105 lymphocytes were exposed to acetate buffer at pH 4-5 for 1 min at 4°C to remove nonspecifically bound surface immunoglobulins (Kumagai et al., 1975) , then washed in phosphate-buffered saline (PBS). The cells in 50 ,ul PBS were incubated in 100 ,ul of a 1-in-8 dilution of the antiserum for 20 min at room temperature and then washed x3 in PBS. They were then mounted in PBS: glycerol, pH 8-2, and examined by fluorescent microscopy.
Statistical analysis.-The relationship be-tween NK values of patients and their first-degree relatives was tested for significance by t test of the correlation coefficient of the values, using the formula t=rV,/n-2/l-r2.
The significance of the difference in the proportion of familial melanoma patients with low NK activity compared to non-familial melanoma patients was estimated by Chisquare tests and Fisher's exact probability test of the data. The relationship of low NK activity to particular HLA antigens and Rhesus antigens was also estimated by Chisquare test of the data.
RESULTS

Reproducibility of the assays
The NK activity of the stored mononuclear cells from the control donor was tested on 14 occasions in parallel assays with those carried out on mononuclear cells from subjects belonging to the familial melanoma families. The mean NK activity of the stored cells against the MM200 target cell was 7-8±1-9 (s.d.). Against the Chang cells, equivalent values were 7 8 ± 2 2. To illustrate further the reliability of the assays, the NK values for 2 laboratory donors from repeated tests over a 12-month period corresponding to that of the studies on the familial melanoma patients against the MM200 target cell were recorded. In 10 assays on these 2 normal individuals the means of % 51Cr release were 13 6±1i5 and 29 9±2-0.
These results indicate that values obtained by single tests on a subject were likely to give a reliable indication of the inherent NK activity of that person, and did not merely reflect chance variation in the assays. When repeat assays were available on the subjects in the study, there was little variation between the tests, as shown in the following tables. Similar degrees of variation in repeated tests on the same individual were reported by Rosenberg et al. (1974) . 2. Natural cell-mediated cytotoxicity (NK activity) of familial melanoma patients and their relatives
The NK activity of blood mononuclear cells from patients and available family members against the MM200 and Chang target cells at a ratio of 100:1, effector: target cell, is shown in Table I . The mean NK value of 80 normal subjects was 14-97±5-78 for the MM200 target cell (Hersey et al., 1978 ) and 14-68±6'2 against the Chang target cell (Hersey et al., 1979b) . [This latter value was higher than the mean value of 9.6% recorded in Hersey et al. (1978) . We attribute this to the use of a different line of Chang cells supplied to us from CSL, Mebourne, before the present study).] Based on these data. values less than 10% 51Cr release (i.e. less than 1 s.d. below the mean) were considered as "low" and values greater than 20% (i.e. greater than 1 s.d. above the mean) as "high". The results in Table I indicate that 12/18 patients in 9/13 families (Shr family excluded) with familial melanoma had low NK values to the MM200 and/or Chang target cell (proportion of total patients-=067). Two patients in 2 families (Kni and Smi) had high values, and 4 patients in 4 families (Ree, Red, Bur and Dan) had values within the normal range. No patients were available for study in Family Shr, but the values in the relatives are shown. These were not included in the analyses.
The proportion of non-familial melanoma patients with localized melanoma with less than 10% 51Cr release against the MM200 target cell, measured after surgical removal of melanoma in a study on 74 patients (Hersey et al., 1978) had low E-rosette values, but all other patients and relatives appeared to have normal values. Most of the members of these families had low NK activity (see Table I ).
DISCUSSION
The incidence of familial melanoma has been reported to be from 1 to 6% of all melanoma patients (Clark et al., 1977; Anderson, 1971) . However, only 18 such patients were available for the present study in this unit, and it is apparent that caution is needed in assessing the significance of studies on such small numbers of patients. Nevertheless on a statistical basis our studies suggested that familialmelanoma patients had a lower NK activity against cultured melanoma and Chang target cells than non-familialmelanoma patients. In addition it was also apparent that high or low NK values in the familial-melanoma patients were reflected in close relatives but not in distant relatives.
These findings were consistent with a genetic or environmental influence on NK activity in these families, which was diluted in the distant relatives. Analysis of the NK activity in normal families and non-familial-melanoma families also revealed a familial association of NK Roder & Kiessling, 1978) .
Analysis of the HLA phenotypes of the familial-melanoma patients in this study showed that the HLA A2 phenotype had a higher frequency than expected in the normal population, but the family segregation of HLA revealed no linkage with the disease state (Honeyman et al., in preparation) or with high or low NK activity. Previous studies have also failed to show any relation between melanoma and HLA antigens (Takasugi et al., 1973) .
Another genetic marker which we have recently shown may be associated with NK activity is the Rhesus antigen system, in that Rh-subjects appeared to have higher NK activity than Rh+ subjects (Hersey et al., 1979b) . Examination of patients and relatives in this study revealed a low incidence of Rh-subjects. Additional studies are required to establish the significance of these findings, but it could be speculated that genes determining high NK activity may be linked to those coding for the Rh-antigens and that both gene pools were absent in these family groups with melanoma.
Whether low NK activity has biological significance for the development of melanoma is unknown. Previous studies in animals (Kiessling & Haller, 1978) and in melanoma patients (Hersey et al., 1978) have suggested that NK activity may have a surveillance role against tumours. It would therefore be plausible that the low NK activity in these families was one factor in the development of melanoma. Other factors are apparently involved, however, because some of the familialmelanoma patients appeared to have high NK activity to melanoma cells. There was no evidence from our studies that other deficiencies in immune function were involved in the familial incidence of melanoma, in that the general immune function of most of the patients and their relatives with low NK activity who were available for testing appeared to be normal.
We hope the reporting of these findings may prompt study of familial-melanoma subjects in other areas by these assays. The present study also highlights the need for more complete genetic analysis of NK activity in human subjects, and prompts the question whether low NK activity may be a predisposing factor to development of certain malignancies. 120(
